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BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to 
to a method for power control in a mult: 
Background of the Related Art 

In a mobile communication sys 
communication system, a handoff mus 
service region to another in order to 
station without interruption. Such 
handoff, and a hard handoff, depending 
of channel resources between a serving 
serving base station means a base 
handoff and a destination base station 
mobile station after a handoff. 

Generally, a soft handoff occurs 
another base station wherein the base 
soft handoff, a communication with a ne^ 
station currently in service ends, 
occurs when a mobile station moves 
frequencies. A hard handoff occurs 
another base station belonging to a di 
stations have traffic channels of differ 
offsets. In the hard handoff, 



, communica tion 



mobile communication system, and more particularly, 
-layer base station during a handoff. 

:em such as a code division multiple access (CDMA) 
be executed when a mobile station moves from one 
receive a continuous communication service from a base 
ha^idoffs may be classified into a soft handoff, a softer 
on a destination base station, a handoff time and the use 
base station and the destination base station. Here, a 
station which provides service to a mobile station before a 
jjaeans a base station which will provide service to the 

when a mobile station moves from one base station to 
stations have a common frequency and frame offset In the 
v base station begins before communication with a base 
therebylmaintaining a continuous traffic path. A softer handoff 
between sectors of a same base station having the same 
wiben a mobile station moves from one base station to 
different mobile switching center (MSC) wherein the base 
:nt frequencies or traffic channels of different frame 
with a base station currently in service ends before 



m 

^^^^ 



100a ~ 100n, base stations 101a ~ lOln 



- lOOn, and the mobile stations 100a - 



communication with a new base station begins. A mobile communication system and the 
handoff operation will next be explained. 

Fig. 1 shows a mobile communication system in the related art including mobile stations 

a base station controller 102, a base station controller 
manager 1 03, and a mobile switching center 1 04 . The base stations 1 0 1 a ~ 1 0 In may vise a same 
frequency while transmitting pilot signa s of different frame offsets to the mobile stations 100a 

00n receives these pilot signals to distinguish the base 
stations 101a - lOln. Fig. 2 illustrates i service region of a base station in Fig. 1. 

Referring to Fig. 2, a base station A provides service to mobile stations in base station 
A region and a base station B provides service to mobile stations in base station B region. Each 
service region is divided into a plurality of sectors called a cell Also, as a mobile station moves, 
the mobile station may pass through a handoff region in which service can be provided by both 
base stations A and B 

Fig. 3 is a chart showing the flovi of signals during a handoff in a mobile communication 
system in the related art. Generally, a handoff is executed in a mobile communication system 
when a mobile station moves from one ct :11 lo another, and particularly, a soft handoff is executed 
when a mobile station moves from one tjase station to another base station controlled by a same 

'explanation, assume base station A is a serving base 
station of a mobile station, and base station B is a destination base station of the mobile station. 
Referring to Fig. 3, a mobile station first transmits a Pilot Strength Measuring Message 

: station determines that a pilot signal, which is not from 
base station A, has a strength higher that l a predetermined threshold value T_ADD (S300). The 
base station controller then analyzes the ] S SMM from the mobile station and requests base station 



base station controller. For purposes o: 



(PSMM) to base station A if the mobile 



B to allocate a channel to execute a soft 1 tandoff, if the pilot signal is determined to be from base 
station B rather than base station A. Upon allocating a channel according to the request from the 
base station controller, base station B notifies the base station controller of the allocation. 
Thereafter, the base station controller transmits an extended bandoff direction message to the 
mobile station through both base station A and base station B to set a new active group (S301). 
An active group includes the mobile station and base stations having communication channels 
established with the mobile station. 

Accordingly, the mobile station fenters a soft handoff state after adding base station B to 
the active group and transmitting a handoff complete message to both base station A and base 
station B. Thus, the mobile station can receive service by base station B without being cut off 
from communication (S302). 

While- taking into consideratior the number of subscribers as well as the quality of 
communication, the CDMA mobile communication system performs a power control such that 
signals from different mobile stations aje received at a base station with relatively same power 
level. Under the power control, a mobile station located far from a base station transmits signals 
at a relatively high power level and a riobile station located close to a base station transmits 
power at a relatively low power level. 'Iris power control is also performed during a handoff. 

Particularly, a base station transmits a power control command to a mobile station to 
reduce the power if the base station recc ives a transmission signal power, which is higher than 
average, while a handoff is being executed. Similarly, the base station transmits a power control 
command to the mobile station to increfse the power if the base station receives a transmission 
signal power, which is lower than average, while a handoff is being executed. Moreover, mobile 
stations located in a handoff region may receive a power control command from more than one 



However, in the power controlling method of the related 



smoothly executed multl 



base stations, depending on the characte istic of the handoff. As a result, a mobile station does 
not increase the power until a power cont rol command to increase the power is received from all 
base stations involved in the handoff, i).e. the serving base station and the destination base 
stations. 



be 



such as a macrocell and a picocell, as shown in Fig.. 4. 



Referring to Fig. 4, assume that s ervice in a macrocell is provided by base station A and 
service in picocells are; provided by base stations B and C, respectively. In the case shown, base 
station B does not match the power levels of a forward link coverage and a reverse link coverage. 
As a result, a mobile station in the picocell region of base station B does not transmit signals at 
a maximum power at the forward link coverage. On the other hand, base station C matches the 
power levels of the forward link coverage and the reverse link coverage, and a mobile station in 
the picocell region of base station C trarsmits signals at a maximum power at the forward link 
coverage. 

Under the above state, if a mobile station enters a handoff region between a picocell 
region of base station B and a macrocell : egion of base station A while moving from the picocell 
to the macrocell, base station B does not 1 ransmit a power control command to the mobile station 
to increase the signal power. As a result, even if the mobile station determines that a pilot signal 
from base station A has a strength higher than the predetermined threshold value T_ADD, the 
power of a PSMM signal from the mobile station (S500), as received by base station A, would 
be too low. Thus, an extended handoff c irection message (S501) as well as a handoff complete 
message (S502) required in a normal han ioff procedure cannot be transmitted, and a soft handoff 
cannot be executed as shown in Fig. 5. 



Similarly, if a mobile station ent ers a handoff region between a picocell region of base 
station C and a macrocell region of ba^e station A while moving from the macrocell to the 
picocell, base station A does not transmit a power control command to the mobile station to 
increase a signal power. Accordingly, tfce power of a PSMM signal from the mobile station, as 
received by base station C, would be too low, and an extended handoff direction message as well 
as a handoff complete message required in a normal handoff procedure cannot be transmitted. 
Thus, a soft handoff cannot be executed 

As described above, in a mobile communication system having multi-layered cells, a 
handoff may not be executed smoothly because a channel would be allocated to only one of the 
base station during a handoff. Therefore, a constant level of quality in the communication 
service to users cannot be maintained, Uniting the system capacity. 

SUMMARY OF THE INVENTION 



multi layered cell in a CDMA communic 



Accordingly, an object of the present invention is to solve at least the problems and 
disadvantages of the related art. 

An object of the present inventiojn is to provide a more efficient handoff procedure in a 

: ation system. 

Another object of the present invention is to provide a method for power control of a 
mobile station during a soft handoff in a multilayered cell in. a CDMA communication system. 

Additional advantages, objects, *ind features of the invention will be set forth in part in 
the description which follows and in pari will become apparent to those having ordinary skill in 
the art upon examination of the followin; j or may be learned from practice of the invention. The 
objects and advantages of the invention may be realuzed and attained as particularly pointed out 



in the appended claims. 

To achieve the objects and in accordance with the purposes of the invention, as embodied 
and broadly described herein, a power control method for a base station in a multilayered cells 
includes controlling a transmission power of a mobile station from a base station serving a 
picpcell to provide a handoff between a macrocell and the picocell when the mobile station 
moves between the macrocell and the picocell. Namely, the transmission power of the mobile 

increased. Also, the a power level of the reverse link 
a forward link coverage for the mobile station. 



station is controlled to be maintained or 
coverage in a picocell is set greater than 



BRIEF DESCRIPTION OF THE DRAWINGS 



lice < 



The invention will be described 
which like reference numerals refer to 
Fig. 1 shows a mobile 
Fig. 2 shows a service region 

l; 

Fig. 3 is a signal flow chart durin|g 

1; 



in detail with reference to the following drawings in 
elements wherein: 
communication system in the related art; 

of tiase stations in a mobile communication system of Fig. 



; a handoff in a mobile communication system of Fig. 



Fig. 4 shows a transmission pow£r of a mobile station in a m ultilayered communication 
system of the related art; 

Fig. 5 is a signal flow chart 
system of the related art; 

Fig. 6 is a signal flow chart durifig 
system in accordance with the present i 



during a handoff in a multilayered mobile communication 

a handoff in a multilayered mobile communication 
invention; and 



Fig. 7 shows a transmission power of a mobile station in a multilayered communication 
system of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 



Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illus rated in the accompanying drawings. Generally, the 
present invention suggests a power control method for a base station, in which a transmission 
power of a mobile station is controlled si jch that a soft handoff between base stations providing 
service in respective cells is executed smoothly in a multi layered base station system having 
macrocells andpicocells. Also, the present invention establishes a reverse link coverage and a 
forward link coverage of a picocell to be: different 

Typically, the greater the distanc ; between a mobile station and a base station, the more 
a signal wave from a mobile station bee :>mes attenuated before reaching a base station. Thus, 
if a distance between a mobile station anc a base station is greater than a predetermined distance, 
the signal from the mobile station cannot reach the base station. 

Here, a reverse link coverage denotes a maximum distance at which a signal from a 
mobile station can reach a base station, rhe reverse link coverage can vary with the maximum 
transmission power of the mobile station i as well as environmental interference. This is because 
the power of signal waves received at a base station may be reduced due to interference from 
using a same frequency in the transmission of signal waves, even if a plurality of mobile stations 
use a same power. Therefore, the grester the number of users, the smaller the reverse link 
coverage. Also, since a base station can attenuate a signal wave using a signal attenuator, the 
base station can control the size of the ro verse link coverage to any desired level. 
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On the other hand-; the forward! link coverage is dependent upon the power level 
transmitted from a base station. This means that the forward link coverage can be controlled by 
varying the power of signals transmitter from the base station. 

A mobile communication system in the related art controls parameters of base stations 
such that the forward link coverage equa s the reverse link coverage in the formation of the cells. 
However, the present invention implements picocells within the service region of a macrocell, 
and the reverse link coverage of the picocell is set greater than the forward link coverage. 

Accordingly, the level of the forward link coverage can be set relatively equal to the size 
of the picocell by controlling the level cf transmission power of the base station, and the level 
of the reverse link coverage can be set greater than the forward link coverage by not using a 
signal attenuator when the base station r sceives a signal wave. Fig. 6 shows a signal flow chart 
during a handoff in a multilayered mobil : communication system in accordance with the present 
invention. 

Referring to Fig. 6, assume that base station A provides service to a macrocell, and base 

in the macrocell. If a mobile station in the macrocell 
into a handoff region between the macrocell and the 
picocell, the mobile station transmits a PSMM to base station A, which is the serving base station 
(S600). A base station controller, which controls both base stations A and B, then analyzes the 
PSMM from the mobUe station and requ ;sts base station B to allocate a channel to execute a soft 
handoff, if the base station controller determines that a handoff is required. 

At this time, base station B, according to the present invention, either does not control 
the transmission power of the mobile sta ;ion, i.e. maintains the transmission power, or transmits 
a power control command to the mobile station to increase the power 



station B provides service to a picocell 
moves towards the picocell and enters 



A base station in the related art performs a power control to lower the signal power from 



a mobile station if a signal to noise ratio 
than a predetermined value. Similarly, 



(SNR) of the signal from the mobile station is greater 
the base station in the related art performs a power 
control to increase the signal power fijom a mobile station if the SNR is smaller than the 
predetermined value. 

However, in the present invention, a base station which provides service totbe^picocell 
either does not perform a power control or transmits a power control coxmpmd to increase the 
power level, regardless of the SNR, if the mobile station is in ^Sandoff region between a 
macrocell and a picocell. Thus, base strtion B, i.e. a ba^erstation which provide service to a 
picocell, does not pull down a signal power of th§^fiobile station. 

ansmit a signal with at a transmission power level 
level as when a mobile station is connected with base 
a channel according to the request of the base station 
controller. Thereafter, b^e station B no ifies the base station controller of the allocation. Upon 
receiving information of the channel ass gnment from base station B, the base station controller 
requests bothj^se stations A and B to ex scute a handotTusing the assigned channel information, 
and transits an extended handoff direction message to the mobile station through both base 
statiq^ A and base station B (S601). 

After receiving the extended haidoff direction message, the mobile station adds base 

. communication channel to base station B, transmits a 
handoff complete message to both base: stations A and B, and enters a handoff state (S602). 
During the transmission of the extended handoff direction message and the handoff complete 
message, base station B, i.e. the picocell base station, according to the present invention either 
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Accordingly, the mobile station 
relatively equal to a transmission 
station A, and base station Bydflocates 



ill 

irl 



does not perform a control of the transmission power of the mobiJe station or transmits a 
command to increase the transmission power. 

Furthermore, if base station A pre vides service to a macrocell and base station C provides 
service to a picocell in the macrocell, and if a mobile station in a picocell moves towards the 
macrocell and enters into a handoff regio i between the picocell and macrocell, the mobile station 
transmits a PSMM to base station C, the serving base station. A base station controller, which 
controls both base stations A and B, tl en analyzes the PSMM from the mobile station and 
requests base station A to allocate a channel to execute a soft handoff, if the base station 
controller determines that a handoff is required. 

At this time, base station C, according to the present invention, either does not control 
the transmission power of the mobile stat ion or transmits a power control command to the mobile 
station to increase the power. Since base station C does not pull down the transmission power 
of the mobile station, the mobile station can pull up the transmission power, under the control 
of base station A, to a level relatively equal to a transmission power as when the mobile station 
is connected to base station A. 

Accordingly, base station A allocates a channel according to the request of tho base 
station controller and notifies the base station controller of the allocation. Upon receiving 
information of the channel assignment from base station A, the base station controller requests 
both base stations A and C to execute t handoff using the assigned channel information, and 
transmits an extended handoff direction piessage to the mobile station through both base station 
A and base station C. 

After receiving the extended handoff direction message, the mobile station adds base 

communication channel to base station C, transmits a 



station C to the active group, sets up a 
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handoff complete message to both base Stations A and C, and enters a handoff state. As in the 
first case, base station C, i.e. the picocelp base station, according to the present invention either 
does not perform a control of the transmission power of the mobile station or transmits a 
command to increase the transmission power, during the transmission of the extended handoff 
direction message and the handoff complete message, 

Fig. 7 shows a transmission power of a mobile station during a handoff in a multilayered 

present invention. Referring to Fig. 7, a shaded portion 
acrocell and the picocell. With respect to the handoff 



communication system according to the 
represents a handoff region between a n 



region, an inner portion represents a pico sell region served by a base station, and an outer portion 
represents a macrocell region served by a base station. 

When a mobile station moves either from the macrocell toward the picocell or from the 
picocell toward the macrocell, the base si ation serving the picocell does not give a power control 
command to pull down the transmission power in the handoff region. Thus, the mobile station 
in the handoff region can transmit signals at a level of transmission power equal to a level as 
when the mobile station is connected to t ie base station serving the macrocell Accordingly, the 
power control method of a base station ac cording to the present invention allows a mobile station 
within a handoff region between a macrocell and a picocell to maintain a preset transmission 
power without reduction, thereby allowing a smooth soft handoff 

As explained above, by not cont oiling a transmission signal power of a mobile station 
or by performing a power control to pul 1 up the transmission signal power of a mobile station 
from a base station serving a picocell w len the mobile station moves between a picocell and a 
macrocell in a multilayered base station system, a smooth soft handoff can be executed. Also, 
the greater reverse link coverage than the forward link coverage established according to the 
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present invention reduces power consumption of a mobile station, thereby increasing the life of 
the mobile station in a picocell and increasing a system capacity limited by an interference. 

The foregoing embodiments are merely exemplary and are not to be construed as limiting 
the present invention. The present teachings can be readily applied to other types of apparatuses. 

l is intended to be illustrative, and not to limit the scope 
of the claims. Many alternatives, modifications, and variations will be apparent to those skilled 
in the art. 



The description of the present invention 
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